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METHOD FOR MANUFACTURING
THREE-DIMENSIONAL SHAPED OBJECT

TECHNICAL FIELD

The present disclosure relates to a method for manufac-
turing a three-dimensional shaped object. More particularly,
the present disclosure relates to a method for manufacturing
a three-dimensional shaped object by a successive formation
of the solidified layers through a light beam 1rradiation.

BACKGROUND OF THE INVENTION

Heretofore, a method for manufacturing a three-dimen-
sional shaped object by 1rradiating a powder material with a
light beam has been known (such method can be generally
referred to as “‘selective laser sintering method”). Such
method can produce a three-dimensional shaped object by

an alternate repetition of a powder-layer forming and a
solidified-layer forming through the following steps (1) and
(11):

(1) forming a solidified layer by irradiating a predeter-
mined portion of a powder layer with a light beam, thereby
allowing sintering of the predetermined portion of the pow-
der or melting and subsequent solidification thereotf; and

(11) forming another solidified layer by forming a new
powder layer on the resulting solidified layer, followed by
similarly 1rradiating the powder layer with the light beam.

This kind of technology makes 1t possible to produce the
three-dimensional shaped object with a complicated contour
shape. The three-dimensional shaped object thus obtained
can be used as a metal mold 1n a case where 1norganic
powder materials (e.g., a metal powder) are used as the
powder material. While on the other hand, the three-dimen-
sional shaped object can be used as a model or replica in a
case where organic powder materials (e.g., a resin powder)
are used as the powder material.

Taking a case as an example wherein the metal powder 1s
used as the powder matenial, and the three-dimensional
shaped object produced therefrom 1s used as the metal mold,
the selective laser sintering method will now be briefly
described. As shown in FIGS. 11A-11C, a powder layer 22
with 1ts predetermined thickness 1s firstly formed on a base
plate 21 by a movement of a squeegee blade 23 (see FIG.
11A). Then, a predetermined portion of the powder layer 22
1s 1rradiated with a light beam “L” to form a solidified layer
24 therefrom (see FIG. 11B). Another powder layer 22 is
newly provided on the solidified layer 24 thus formed, and
1s 1rradiated again with the light beam to form another
solidified layer 24. In this way, the powder-layer forming
and the solidified-layer forming are alternately repeated to
cause the solidified layers 24 to be stacked with each other
(see FIG. 11C). The alternate repetition of the powder-layer
forming and the solidified-layer forming leads to a produc-
tion of a three-dimensional shaped object with a plurality of
the solidified layers stacked therein. The lowermost solidi-
fied layer 24 can be finally provided 1n a state of being
adhered to the surface of the base plate 21. Therefore, there
can be obtamned an integration of the three-dimensional
shaped object and the base plate 21. The integrated “three-
dimensional shaped object” and “base plate” can be used as
the metal mold as they are.
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PATENT DOCUMENT 2: Japanese Unexamined Patent
Application Publication No. 2000-73108

DISCLOSURE OF THE INVENTION

Problems to be Solved by the Invention

The mventors of the present application have found that
the selective laser sintering method can face no very manu-
facturing efliciency, depending on the three-dimensional
shaped object to be manufactured. The selective laser sin-
tering method can generally provide a high accuracy of
form/shape of the manufactured three-dimensional shaped
object since the solidified layers with each thickness thereof

being in the order of microns (e.g., about 350 pum) are
successively formed. However, there are some cases 1n the
selective laser sintering method wherein the manufacturing
time can be not very highly satisfactory in spite of the high
accuracy ol form being finally provided. This 1s due to the
fact that the stacked number of the solidified layers tends to
be larger because of the small thickness of the each layer.
Such no very high satisfaction of the manufacturing time
becomes pronounced when the three-dimensional shaped
object to be manufactured has its larger dimension.

Means for Solving the Problems

Under the above circumstances, the present invention has
been created. That 1s, an object of the present invention 1s to
provide a more eflicient manufacturing method of the three-
dimensional shaped object.

In order to achieve the above object, the present invention
according to one embodiment thereot provides a method for
manufacturing a three-dimensional shaped object by a suc-
cessive formation of a plurality of solidified layers through
a light beam 1rradiation,

wherein the plurality of the solidified layers are provided
by a hybrid of combined systems of an aifter irradiation
system and a simultaneous irradiation system, the after
irradiation system being such that the light beam 1rradiation
1s performed after a formation of a powder layer, the
simultaneous irradiation system being such that the light
beam 1rradiation 1s performed while a raw material 1s
supplied.

FEftect of the Invention

In accordance with the present invention, the three-di-
mensional shaped object can be more efhiciently manufac-
tured. More specifically, the manufacturing of the three-
dimensional shaped object can be performed 1n a shorter
period of time. Particularly even in a case where the three-
dimensional shaped object has the larger dimension, the
shorter time for manufacturing such larger object can be
suitably provided.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a sectional view schematically showing a
concept of a manufacturing method according to an embodi-
ment of the present invention.

FIG. 2 1s a sectional view schematically showing a
peripheral solidified portion and an internal solidified por-
tion concerning a three-dimensional shaped object.

FIGS. 3A-3B are sectional views schematically showing
a three-dimensional shaped object obtained by a manufac-
turing method according to an embodiment of the present
invention.
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FIG. 4 1s a cross-sectional view schematically showing a
manufacturing method over time according to an embodi-
ment of the present invention.

FIG. 5 1s a cross-sectional view schematically showing an
embodiment of “Suction Removal of Powder”.

FIG. 6 1s a cross-sectional view schematically showing an
embodiment of “Surface-Machining Process™.

FIG. 7 1s a cross-sectional view schematically showing an
embodiment of “Stepped Form of Peripheral Solidified
Portion”.

FIG. 8 1s a cross-sectional view schematically showing an
embodiment of “Oblique Supply of Raw Maternal in Simul-
taneous Irradiation System”™.

FIG. 9 1s a perspective view schematically showing a
three-dimensional shaped object having a hollow portion.

FIGS. 10A-10E are sectional views schematically show-
ing the steps 1 a manufacturing method for the three-
dimensional shaped object having the hollow portion.

FIGS. 11A-11C are cross-sectional views schematically
showing an embodiment 1n which a selective laser sintering
method 1s carried out.

FIG. 12 1s a perspective view schematically showing a
constitution of a laser-sintering/machining hybrid machine
by which a selective laser sintering method 1s carried out.

FIG. 13 1s a flow chart of typical operations of a laser-
sintering/machining hybrid machine.

MODES FOR CARRYING OUT TH.
INVENTION

(L]

The manufacturing method according to an embodiment
of the present invention will be described 1n more detail with
reference to the accompanying drawings. It should be noted
that configurations/forms and dimensions in the drawings
are merely for illustrative purposes, and thus not the same as
those of the actual parts or elements.

The term “powder layer” as used 1n thus description and
claims means a “metal powder layer made of a metal
powder” or “resin powder layer made of a resin powder”, for
example. The term “solidified layer” substantially means a
“sintered layer” 1in a case where the powder layer 1s a metal
powder layer, whereas term “solidified layer” substantially
means a “cured layer” 1n a case where the powder layer 1s
a resin powder layer.

The directions of “upper” and “lower”, which are directly
or indirectly used herein, are ones based on a stack direction
of the solidified layers. The direction in which the solidified
layers are stacked upon the manufacturing method of the
present invention 1s “upper’, and the opposite direction
thereto 1s “lower”.

[Selective Laser Sintering Method]

A selective laser sintering method, at least on which the
manufacturing method of the present invention 1s based, will
be firstly described.

The selective laser sintering method corresponds to an
“after 1rradiation system”™ which will be later mentioned.
Namely, the selective laser sintering method as the after
irradiation system in which a solidified layer 1s formed by an
irradiation of a powder layer with a light beam will be firstly
described. By way of example, a laser-sintering/machining
hybrid process 1s particularly raised in the following expla-
nation of the selective laser sintering method wherein a
machining process 1s additionally carried out with respect to
the three-dimensional shaped object. It should be noted that
the machining process 1s not necessarily needed in the
selective laser sintering method.
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4

FIG. 11 schematically shows a process embodiment of the
laser-sintering/machining hybrid. FIGS. 12 and 13 respec-
tively show major constructions and operation flow regard-
ing a metal laser sintering hybrid milling machine for
enabling an execution of the machiming process as well as
the selective laser sintering method.

As shown 1n FIG. 12, the laser-sintering/milling hybnd
machine 1 1s provided with a powder layer former 2, a
light-beam 1rradiator 3, and a machiming means 4.

The powder layer former 2 1s a means for forming a
powder layer with its predetermined thickness through a
supply of powder (e.g., a metal powder or a resin powder).
The light-beam 1rradiator 3 1s a means for irradiating a
predetermined portion of the powder layer with a light beam
“L”. The machining means 4 1s a means for milling the side
surface of the stacked solidified layers, 1.e., the surface of the
three-dimensional shaped object.

As shown 1n FIG. 11, the powder layer former 2 1s mainly
composed of a powder table 25, a squeegee blade 23, a
forming table 20 and a base plate 21. The powder table 25
1s a table capable of vertically elevating/descending 1n a
“storage tank for powder material” 28 whose outer periphery
1s surrounded with a wall 26. The squeegee blade 23 1s a
blade capable of horizontally moving to spread a powder 19
from the powder table 25 onto the forming table 20, and
thereby forming a powder layer 22. The forming table 20 1s
a table capable of vertically elevating/descending in a form-
ing tank 29 whose outer periphery 1s surrounded with a wall
277. The base plate 21 1s a plate for a shaped object. The base
plate 1s disposed on the forming table 20 and serves as a
platform of the three-dimensional shaped object.

As shown 1n FI1G. 12, the light-beam 1rradiator 3 1s mainly
composed of a light beam generator 30 and a galvanometer
mirror 31. The light beam generator 30 1s a device for
emitting a light beam “L”. The galvanometer mirror 31 is a
means for scanning an emitted light beam “L” onto the
powder layer, 1.e., a scan means of the light beam “L”.

As shown 1n FIG. 12, the machining means 4 1s mainly
composed of a milling head 40 and an actuator 41. The
milling head 40 1s a cutting tool for milling the side surtace
of the stacked solidified layers. The actuator 41 1s a means
for driving the milling head 40 to move toward the position
to be milled.

Operations of the laser sintering hybrid milling machine
1 will now be described 1n detail. As can be seen from the
flowchart of FIG. 13, the operations of the laser sintering
hybrid milling machine are mainly composed of a powder
layer forming step (S1), a solidified layer forming step (S2),
and a machining step (S3). The powder layer forming step
(S1) 1s a step for forming the powder layer 22. In the powder
layer forming step (S1), first, the forming table 20 1is
descended by At (511), and thereby creating a level difler-
ence “At” between an upper surface of the base plate 21 and
an upper-edge plane of the forming tank 29. Subsequently,
the powder table 25 1s elevated by At, and then the squeegee
blade 23 1s dniven to move from the storage tank 28 to the
forming tank 29 1n the horizontal direction, as shown 1n FIG.
11A. This enables a powder 19 placed on the powder table
25 to be spread onto the base plate 21 (812), while forming
the powder layer 22 (S813). Examples of the powder for the
powder layer 22 mclude a “metal powder having a mean
particle diameter of about 5 um to 100 um™ and a “resin
powder having a mean particle diameter of about 30 um to
100 um, (e.g., a powder of nylon, polypropylene, ABS or the
like)”. Following this step, the solidified layer forming step
(S2) 1s performed. The solidified layer forming step (S2) 1s
a step for forming a solidified layer 24 through the light
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beam 1rradiation. In the solidified layer forming step (S2), a
light beam “L” 1s emitted from the light beam generator 30
(S21). The emitted light beam “L” 1s scanned onto a
predetermined portion of the powder layer 22 by means of
the galvanometer mirror 31 (S22). The scanned light beam
can cause the powder in the predetermined portion of the
powder layer to be sintered or be melted and subsequently
solidified, resulting 1n a formation of the solidified layer 24

(S23), as shown in FIG. 11B. Examples of the light beam
“L” include carbon dioxide gas laser, Nd:YAG laser, fiber
laser, ultraviolet light and the like.

The powder layer forming step (S1) and the solidified
layer forming step (S2) are alternately repeated. This allows
a plurality of the solidified layers 24 to be integrally stacked
with each other, as shown 1n FIG. 11C.

When the thickness of the stacked solidified layers 24
reaches a predetermined value (S24), the machining step
(S3) 1s imitiated. The machining step (S3) 1s a step for milling
the side surface of the stacked solidified layers 24, 1.e., the
surface of the three-dimensional shaped object. The milling
head 40 (see FIG. 11C and FIG. 12) 1s actuated to mitiate an
execution of the machining step (531). For example, 1n a
case where the milling head 40 has an eflective milling
length of 3 mm, a machining can be performed with a
milling depth of 3 mm. Thus, supposing that “At” 1s 0.05
mm, the milling head 40 1s actuated when the formation of
the sixty solidified layers 24 1s completed. Specifically, the
side face of the stacked solidified layers 24 i1s subjected to
the surface machining (532) through a movement of the
milling head 40 driven by the actuator 41. Subsequent to the
surface machining step (S3), it 1s judged whether or not the
whole three-dimensional shaped object has been obtained
(S33). When the desired three-dimensional shaped object
has not yet been obtained, the step returns to the powder
layer forming step (S1). Thereaiter, the steps S1 through S3
are repeatedly performed again wherein the further stacking
of the solidified layers 24 and the further machining process
therefor are similarly performed, which eventually leads to
a provision of the desired three-dimensional shaped object.
| Manufacturing Method of the Present Invention]

The present invention 1s characterized by features asso-
ciated with the forming of the solidified layer 1n the manu-
facturing of three-dimensional shaped object. In particular,
the solidified layers 1n the manufacturing according to an
embodiment of the present invention are formed by a hybrnid
manner of combination of at least two types of systems.

Specifically, the formation of the solidified layers 1is
performed by the hybrid manner of the combined systems of
an “after irradiation system 1n which the light beam 1rradia-
tion 1s performed after a formation of a powder layer” and
a “simultaneous 1rradiation system in which the light beam
irradiation 1s performed while a raw material 1s supplied”.

The concept of the hybrid manner adopted 1n the manu-
facturing method according to an embodiment of the present
invention 1s shown in FIG. 1. As can be seen from FIG. 1,
the hybrid manner lies 1n combined systems of the “after
irradiation system 50” and the “simultaneous irradiation
system 60”—both of which difler from each other in the
formation of the solidified layer 24.

As shown in FIG. 1, the after irradiation system 50
corresponds to the selective laser sintering method as
described above, in which the powder layer 22 1s formed,
followed by the formation of the solidified layer 24 being
performed by an 1rradiation of the powder layer 22 with an
light beam “L”. While on the other hand, the simultaneous
irradiation system 60 1s a system 1n which the solidified layer
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6

24 1s formed by substantially concurrent performances of the
supply of the raw material and the 1rradiation of the light
beam “L”.

As such, the term “after 1rradiation system” as used 1n this
description and claims means a type of the formation of the
solidified layer wherein the powder layer 1s once formed,
tollowed by the predetermined portion thereof being 1rradi-
ated with the light beam to form the solidified layer through
the sintering of the powder of the predetermined portion or
the melting and subsequent solidification thereof. While on
the other hand, the term *“simultaneous 1rradiation system”™
as used 1n this description and claims means another type of
the formation of the solidified layer wherein the solidified
layer 1s directly formed with no formation of the powder
layer, 1n which the raw material supply and the light beam
irradiation are substantially concurrently performed to allow
the sintering of the supplied powder or the melting and
subsequent solidification of the supplied powder.

The manufacturing method according to an embodiment
of the present mnvention can more efliciently produce the
three-dimensional shaped object. This 1s due to the matter
that the three-dimensional shaped object 1s manufactured by
the combination of the after-irradiation and simultaneous-
irradiation systems which differs from each other in terms of
shape/form accuracy and manufacturing time. The after
irradiation system has such a feature that it enables the
accuracy of the shape/form to be higher, but 1t renders the
time for the formation of the solidified layer longer. While
on the other hand, the simultaneous irradiation system has
such a feature that i1t has the lower accuracy of the shape/
form, but 1t enables the time for the formation of the
solidified layer to be shorter. As such, the after irradiation
system and the simultaneous irradiation system, which have
the opposing features to each other, are combined to more
ciiciently produce the desired three-dimensional shaped
object. More specifically, the manufacturing method accord-
ing to an embodiment of the present invention mutually
complements the positive and down sides of the respective
ones ol the after-irradiation and simultaneous-irradiation
systems to allow the three-dimensional shaped object to be
manufactured with its desired accuracy of shape/form within
a shorter time.

The details on the “after irradiation system” and the
“stmultaneous irradiation system” will be now described.
The after irradiation system corresponds to the selective
laser sintering method described above. Thus, as for the after
irradiation system, the powder layer 1s firstly formed by the
use ol the squeegee blade or the like. Subsequent to the
formation of the powder layer, the predetermined portion of
the powder layer 1s irradiated with the light beam. This
allows the sintering of the powder of the predetermined
portion or the melting and subsequent solidification of such
powder, and thereby forming the solidified layer therefrom.
Subsequently, the new powder layer 1s similarly formed on
the solidified layer thus formed, and 1s 1rradiated again with
the light beam to form another solidified layer. In this way,
the powder-layer forming and the solidified-layer forming
are alternately repeated, and thereby the three-dimensional
shaped object with the stacked solidified layers can be
finally provided.

The term “‘predetermined portion of a powder layer” as
used herein substantially means a portion of a three-dimen-
sional shaped object to be manufactured. As such, a powder
present 1n such predetermined portion 1s 1rradiated with a
light beam, and thereby the powder undergoes a sintering or
a melting and subsequent solidification to form the solidified
layer as a part of a three-dimensional shaped object.
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In contrast, as for the simultaneous irradiation system, the
raw material supply 1s performed substantially at the same
time when the light beam irradiation 1s performed 1n order
to form the solidified layer. When compared to the after
irradiation system, the simultaneous 1rradiation system has a
teature of no formation of the powder layer 1tself to be used
for the formation of the solidified layer.

As a raw material for the simultaneous irradiation system,
a powder or a welding material (filler material product) 1s
used. This means that the simultaneous 1rradiation system 1s
provided such that the light beam 1rradiation 1s performed
with respect to a supply point of raw material while the
powder or welding material 1s supplied to such point, and
thereby the solidified layer i1s formed directly from the
supplied powder or welding material.

In a case where the powder 1s used, the light beam
irradiation with respect to the powder during the supplying
of the powder 1s performed to allow the sintering of the
powder or the melting and subsequent solidification thereof.
This causes the solidified layer to be formed directly from
the supplied powder. Preferably, the powder 1s sprayed onto
a focused light beam of the 1rradiation (i.e., an 1rradiation
portion with the light “L”" being at the “supply point of raw

material™), and thereby allowing the sintering of the sprayed
powder or the melting and subsequent solidification thereof
to form the solidified layer 24 (see FIG. 1). As shown i FIG.
1, a powder supply nozzle 65 may be used for the spraying
of the powder 64.

The kind of the powder to be used for the simultaneous
irradiation system may be the same as that of the after
irradiation system. Namely, the powder for the formation of
the powder layer 1n the after irradiation system may be used
as the powder to be supplied 1n the simultaneous 1rradiation
system.

In a case where the welding material 1s used, a part of the
welding material 1s rendered to be melted such that the
melted material directly forms the solidified layer. Prefer-
ably, the welding material 66 1s supplied to reach the focused
light beam (i.e., an 1rradiation portion with the light “L”
being at the “supply point of raw material”), and thereby
allowing the melted part of the welding matenial 66 to form
the solidified layer 24 (see FIG. 1). As shown 1n FIG. 1, the
welding material 66 1s provided such that the end of the
welding material 66 1s wrradiated with the light beam “L”.
This causes such end of the welding material 66 to be
melted, and thus the melted material can form the solidified
layer 24.

The term “welding material” as used 1n this description
and claims means a raw material for a weld to be used 1n the
field of a so-called welding technology. From a standpoint of
the present invention, the welding material 1s a fusible
material capable of melting upon the 1rradiation thereot with
the light beam. The welding material may be made typically
of a metal, but the present invention i1s not necessarily
limited thereto. It 1s preferred that the welding material may
be, but not limited to, 1n an elongated form such as “form of
wire”, “form of rod” and the like. The reason for this 1s that
not only the welding material 1n the elongated form 1s easy
to melt upon the light beam 1rradiation, but also the melted
material therefrom can be more accurately supplied to the
desired point.

It 1s preferred that a metal wire 1s used as the welding
material. Keeping the end of the metal wire at the focused
light beam can cause such end to successively melt to form
the solidified layer directly from the melted material there-
from. The term “metal wire” used in this description and
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claims means a metal material having an elongated form like
“wire”, as appreciated by 1ts name.

According to an embodiment of the present invention, the
simultaneous irradiation system prelferably provides the
larger thickness of the solidified layer. In other words, it 1s
preferred that the thickness of the solidified layer to be
tformed by the simultaneous irradiation system 1s larger than
that of the after irradiation system. This enables the forma-
tion of the solidified layer according to the simultaneous
irradiation system to be performed 1n a shorter time than the
formation of the solidified layer according to the after
irradiation system, which can lead to a more eflicient manu-
facturing of the three-dimensional shaped object. The thick-
ness . . . . 0Of the solidified layer according to
the simultaneous irradiation system may be, but not limited
to, about the 2 to 500 times the thickness ... .. . ofthe
sohdlﬁed layer according to the after 1rradf ation system. It 1s
preferred that the thickness_, ., . . . . of the solidi-

fied layer according to the simultaneous irradiation system 1s
about the 2 to 250 times the thickness ;,, ;,,.za00, OF the
solidified layer according to the after irradiation system. It 1s
more preferred that the thickness ... . . ofthe
solidified layer according to the simultaneous irradiation
system 1s about the 5 to 150 times the thickness ;. ,,...z4z0n
of the solidified layer according to the after irradiation
system.

The simultaneous 1rradiation system makes it possible to
more widely form the solidified layer per unit time. As such,
it 1s preferred that a spot diameter of the light beam
irradiation 1n the simultaneous irradiation system 1s larger
than that of the after irradiation system. This also enables the
formation of the solidified layer according to the simulta-
neous 1rradiation system to be performed in a shorter time
than the formation of the solidified layer according to the
alter irradiation system, which can lead to a more eflicient
manufacturing of the three-dimensional shaped object. The
term “‘spot diameter of the light beam 1rradiation” used in
this description and claims means a diameter of the light
beam (diameter of focused light beam for irradiation) at the
supply point of raw material. The spot diameter_, .. .
irradiation 1N the simultaneous irradiation system may be, but
not limited to, about the 1.5 to 100 times the spot
diameter ., ., qazanon 10 the after irradiation system. It 1s
preferred that the spot diameter_, . ... . . 1n the
simultaneous 1rradiation system 1s about the 2 to 80 times the
spot diameter in the after 1rradiation system. It

after irradiation

1s more preferred that the spot diameter,, . ... .. .
in the simultaneous 1rradiation system 1s about the 2 to 40
times the spot diameter, ., ,, qqiano. 10 the after 1rradiation
system.

The hybrid manner adopted in the manufacturing method
according to an embodiment of the present invention can
suitably select which system of “after irradiation system™ or
“stmultaneous 1rradiation system” should be performed,
depending on which portion of the three-dimensional shaped
object the solidified layer to be formed corresponds to. It 1s
preferred that the after irradiation system 1s performed for a
formation of a “peripheral solidified portion 110 correspond-
ing to a periphery of the three-dimensional shaped object
1007, whereas the simultaneous irradiation system 1s per-
formed for a formation of an “internal solidified portion 120
corresponding to an iternal region of the three-dimensional
shaped object 100, the internal region being located inside
the periphery”. See FIG. 2.

The after irradiation system having a feature of higher
accuracy ol form/shape 1s suited for the formation of the
peripheral solidified portion 110. This 1s because the periph-

eral solidified portion 110 finally corresponds to an outer
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surface of the three-dimensional shaped object. While on the
other hand, the simultaneous 1irradiation system having a
feature of shorter time for the formation of the solidified
layer 1s suited for the formation of the internal solidified
portion 120. This 1s because the iternal solidified portion
120 finally corresponds to most of the solid portion of the
three-dimensional shaped object 100, and thus occupies a
larger volume 1n the three-dimensional shaped object 100.
Accordingly, with the hybrid manner according to the above
embodiment of the present invention, the three-dimensional
shaped object 100 can be obtained with 1ts higher accuracy
of form/shape 1n a shorter time. Such advantageous effect of
the present invention becomes pronounced when the three-
dimensional shaped object to be manufactured has 1ts larger
dimension. This will be explained in more detaill with
reference to FIGS. 3A and 3B. When compared to a small
three-dimensional object 100 with 1ts smaller dimension (see
FIG. 3A), a lager three-dimensional shaped object 100 with
its lager dimension has a larger volume of the internal
solidified portion 120 (see FIG. 3B). When such larger
volume of the internal solidified portion 120 undergoes the
ellect of the simultaneous 1rradiation system with its feature
of the shorter formation time, 1t 1s made possible to enhance
the shorter time eflect for the manufacturing of the larger
three-dimensional shaped object 100.

The term “periphery” used 1n this description and claims
means an outer exposed surface section of the three-dimen-
sional shaped object. In other words, the phrase “peripheral
solidified portion™ used herein substantially means a local
section corresponding to a peripheral section of the solidi-
fied layer or stacked solidified layers. The peripheral solidi-
fied portion 1n the present invention may be regarded as
having a width dimension 1n the outer peripheral contour of
the three-dimensional shaped object, and thus the peripheral
solidified portion 1n the present invention may correspond to
a local portion which extends from the outermost surface of
the three-dimensional shaped object to the 1nner point (1.e.,
the horizontal direction inner point) by about 1 mm to about
10 cm. While on the other hand, term “internal solidified
portion” used herein means a solid section of the three-
dimensional shaped object, the solid section being located
inside the periphery 1n the solidified layer or stacked solidi-
fied layers. Namely, the internal solidified portion corre-
sponds to a section other than the periphery in the three-
dimensional shaped object.

In a preferred embodiment, as shown in FIG. 2, the
periphery 1s at least one of a side surface portion 110A and
a top surface portion 110B of the three-dimensional shaped
object 100. This 1s because, based on the solidified layers
being stacked on the base plate 21, the three-dimensional
shaped object 100, which 1s to be finally produced on the
base plate, has its outer portion as the side surface portion
110A and the top surface portion 110B.

With reference to FIGS. 4(a)-4(/2), the manufacturing
process over time according to an embodiment of the present
invention will be now described. The manufacturing process
of FIGS. 4(a)-4 (%) 1s concerned with such an embodiment
that the peripheral solidified portion 110 1s formed by the
alter 1rradiation system 30 whereas the internal solidified
portion 120 1s formed by the simultaneous 1rradiation system
6C.

As can be seen from FIGS. 4(a)-4(%), the manufacturing
process according to the present invention 1s such that the
alter irradiation system 50 for the formation of the periph-
eral solidified portion 110 corresponding to the side surface
portion 110A 1s performed prior to the performance of the
simultaneous 1rradiation system 60 for the formation of the

5

10

15

20

25

30

35

40

45

50

55

60

65

10

internal solidified portion 120. In other words, the peripheral
solidified portion corresponding to the side surface portion
110A 1s formed by the after irradiation system 50, and
thereatter the internal solidified portion 120 1s formed by the
simultaneous irradiation system 60. This makes 1t possible to
more elliciently produce the three-dimensional shaped
object. In this regard, the formation of the periphery corre-
sponding to the outermost portion of the three-dimensional
shaped object 100 allows the formation area for the internal
solidified portion 120 to be preliminarily ensured since the
internal solidified portion 1s located inside the periphery,
which can lead to an easier performance of the simultaneous
irradiation system 60 for the formation of the internal
solidified portion.

In the manufacturing method shown 1n FIGS. 4(a)-4 (%),
the after irradiation system 50 1s firstly performed. As shown
in FIG. 4(a), a powder layer 22 with 1ts predetermined
thickness 1s firstly formed on a base plate 21 by a movement
of a squeegee blade 23. Then, as shown i FIG. 4(b), a
powder region corresponding to the side surface portion in
the powder layer 22 1s 1irradiated with the light beam “L” to
form a side-face solidified layer 24a therefrom. Subse-
quently, as shown 1n FIGS. 4(¢) and 4 (d), another powder
layer 22 1s newly provided, and then 1s irradiated again with
the light beam to form another side-face solidified layer 24a.
In this way, the powder-layer forming and the solidified-
layer forming are alternately repeated to produce the periph-
eral solidified portion 110 corresponding to the side surface
portion 110A of the three-dimensional shaped object (see
FIG. 4(d)).

Subsequent to the after wrradiation system 50, the simul-
taneous irradiation system 60 1s performed. As shown in
FIG. 4(e), 1t 1s preferred that, prior to the performance of the
simultaneous 1rradiation system 60, a residual powder 194
of the powder layer 1s sucked to be removed, the residual
powder having been not used for the formation of the
peripheral solidified portion 110. In other words, 1t 1s pre-
terred that the residual powder 19a of the powder layer,
which 1s left due to no use for the formation of the peripheral
solidified portion 110 corresponding to the side surface
portion 110A, 1s sucked to be removed at a point 1n time after
the performance of the after irradiation system 30 for the
formation of the peripheral solidified portion 110 corre-
sponding to the side surface portion 110A, and also before
the performance of the simultaneous irradiation system 60
for the formation of the internal solidified portion 120. Such
suction removal of the residual powder 194 allows the
simultaneous irradiation system 60 to be more suitably
performed. If the residual powder 19a, which has been not
used for the formation of the peripheral solidified portion
110, still remained, then the area for the simultaneous
irradiation system 60 could not be satisfactorily ensured.
This means that the removal of such powder 194 can
suitably provide the area for the simultaneous irradiation
system 60. As shown in FIG. 5, the suction removal of the
residual powder 194 may be performed from above by a
suction nozzle 90, for example.

Next, as shown 1 FIGS. 4(f) and 4(g¢), an internal
solidified layer 246 1s formed by the performance of the
simultaneous irradiation system 60. This can provide the
internal solidified portion 120 which corresponds to an
internal region located inside the periphery in the three-
dimensional shaped object. As can be seen from FIGS.
4(a)-4(7) (1n particular, the illustration shown lower than
those 4(a)-4(%)), the supply of the powder 64 or welding
material 66 and the irradiation of the light beam “L” are
substantially concurrently performed with each other at the
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internal region inside the periphery, and thereby suitably
forming the internal solidified layer 245 directly from the
supplied powder 64 or welding material 66. For example,
the thickness of the internal solidified layer 245 to be formed
by the simultaneous irradiation system 60 can be made
larger than the thickness of the side-face solidified layer 24a
to be formed by the aifter irradiation system 350, which leads
to an eflicient formation of the internal solidified portion
120.

Subsequently, as shown in FIG. 4(2), the peripheral
solidified portion 110 corresponding to the top surface
portion 110B of the three-dimensional shaped object 1s
formed by the after irradiation system 50. This allows the top
surface portion 110B of the three-dimensional shaped object
100 to have a suitable accuracy of shape/form as the outer
surface of the three-dimensional shaped object 100.

Throughout the above steps, the three-dimensional shaped
object 100 having the higher accuracy of shape/form can be
finally obtained in the shorter time.

It should be noted that the after 1rradiation system for the
formation of the top surface portion 110B is not necessarily
required. With no formation of the top surface portion 110B,
a surface-machining process may be performed after the
formation of the internal solidified portion 120 performed by
the simultaneous irradiation system (see FIG. 6). Specifi-
cally, as shown i FIG. 6, the upper surface of the internal
solidified portion 120 performed by the simultaneous irra-
diation system may be subjected to the surface machining
process by a cutting tool (e.g., a milling head 40). This
makes 1t possible for the internal solidified portion 120
performed by the simultaneous irradiation system, which
may not have very high accuracy of the form, to become to
have an improved accuracy of the form at the machined area
thereol.

Although some typical embodiments of the present inven-
tion have been hereinbefore described for better understand-
ing of the inventions, various specified embodiments of the
present mvention are possible.

(Different Kind of Material)

According to an embodiment of the present invention, the
powder layer for the after irradiation system and the raw
matenial for the simultaneous irradiation system may be
different from each other in terms of kind of material.
Namely, the material kind of the powder of the powder layer
used 1n the after irradiation system may be different from
that of the powder or welding material used 1n the simulta-
neous irradiation system. This makes 1t possible to produce
the three-dimensional shaped object which 1s more suited for
an actual use application. For example, in a case where the
three-dimensional shaped object 100 1s to be used as a metal
mold, the powder layer used 1n the after wrradiation system
for the formation of the peripheral solidified portion 110
may have a Fe-based material, whereas the powder used in
the simultaneous irradiation system for the formation of the
internal solidified portion 120 may have a Cu-based material
(sece FIG. 2). The Fe-based material exhibits relatively
harder property, whereas the Cu-based material exhibits a
higher thermal conductivity, which makes 1t possible for the
metal mold to have a hard outer surface thereof, and also an
improved efliciency of heat transfer as a whole. Alterna-
tively, 1n a case where the three-dimensional shaped object
1s intended to be light-weighted as a whole, the powder layer
used 1n the after irradiation system for the formation of the
peripheral solidified portion 110 may have a Fe-based mate-
rial, whereas the powder used 1n the stmultaneous 1rradiation
system for the formation of the internal solidified portion

120 may have a Al-based matenial (see FIG. 2). An alu-
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minium 1s a metal having a lower density. Thus, the internal
solidified portion 120, which corresponds to most of the
solid portion of the three-dimensional shaped object 100 and
thus occupies the larger volume 1n the shaped object, can be
provided as a lower-density portion with the use of such
lower-density aluminium.

(Stepped Form of Peripheral Solidified Portion)

According to an embodiment of the present invention, as
shown 1 FIG. 7, the after irradiation system may be
performed such that a “surface 24M of the peripheral
solidified portion” has a stepped form, the surface corre-
sponding to an interface between the peripheral solidified
portion 110 and the internal solidified portion 120. This
allows a formation of an alloy composition to be facilitated
at the interface between the peripheral solidified portion 110
and the internal solidified portion 120 especially 1n a case
where the powder layer for the after irradiation system and
the raw material for the simultaneous irradiation system are
different from each other in terms of their kinds of metal
material. In other words, as shown 1n the lower part of FIG.
7, an alloy-composition region 130 can be formed at the
interface between the peripheral solidified portion 110 and
the 1nternal solidified portion 120.

In the simultaneous irradiation system according to a
preferred embodiment of the present invention, the raw
material 1s supplied while the light beam irradiation 1s
maintained, and thereby the peripheral solidified portion,
which has been already formed, undergoes the light beam
irradiation to be partially melted. This allows the raw
material to be supplied onto the partially melted part of the
peripheral solidified portion, which leads to an intermixing
of “component of the peripheral solidified portion (i.e.,
metal component thereol 1n particular)” and “component of
the raw material supplied by the simultaneous 1rradiation
system (1.e., metal component thereof in particular)”. As a
result, there can be finally formed a solidified region of the
alloy composition. In this regard, the stepped form of the
surface of the peripheral solidified portion can facilitate the
horizontal surface thereof to undergo the light beam 1rra-
diation, and thereby promoting a melting of the peripheral
solidified portion. That 1s, when the surface of the peripheral
solidified portion has the stepped form, an alloy-composi-
tion region 130 1s facilitated to be formed at the interface
between the peripheral solidified portion and the internal
solidified portion (see FIG. 7). The lower part of FIG. 7
schematically shows an embodiment wherein the peripheral
solidified portion 110 corresponding to the side surface
portion of the three-dimensional shaped object 1s formed by
the after irradiation system, and thereafter the internal solidi-
fied portion 120 1s formed by the simultaneous 1rradiation
system using the light beam “L"’.

As shown 1n FIG. 7, the surface 1n the stepped form has
a taper profile from a macroscopic point of view, and thus
the alloy-composition region 130 can be obliquely provided
as a whole. This means that the solidified region of the alloy
composition can be provided as an oblique form at the
interface between the peripheral solidified portion and the
internal solidified portion, making it possible to improve a
structural strength. The improved structural strength can
cllectively prevent the downside risk of the *“breaking/
cracking” of the three-dimensional shaped object.

(Oblique Supply of Raw Matenal 1n Simultaneous Irra-
diation System)

According to an embodiment of the present invention, as
shown i FIG. 8, the supply of the raw material in the
simultaneous 1wrradiation system may be performed 1n an
“oblique™ direction. Specifically, as shown in FIG. 8, the raw
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material 1s supplied at an angle with respect to the stacking
direction of solidified layers of the three-dimensional shaped
object. In a case where the powder 64 1s used in the
simultaneous irradiation system, a powder supply nozzle 65
(a nozzle axis thereof 1n particular) may be onientated so that
it forms an angle with respect to the stacking direction of the
solidified layers. In this case, the powder supply nozzle 65
can be driven so that the supply of the raw matenial in the
oblique direction 1s provided. Alternatively, a platform for
the stacking of the solidified layers, 1.e., the forming table
and/or the base plate provided thereon can be driven so that
the supply of the raw material 1n the oblique direction 1s
provided. Moreover, the driving of the powder supply nozzle
65 and the driving of the platform for the stacked solidified
layers may be performed concurrently with each other in
order to obliquely supply the raw matenal.

The oblique supply of the raw material can avoid a
physical interference between the already-formed peripheral
solidified portion 110 corresponding to the side surface
portion 110A and the powder supply nozzle 65 or welding

material 66, which can lead to a more suitable supply of the
raw material.

(Wall Solidified Portion for Hollow Portion)

In the manufacturing method according to an embodiment
of the present invention, it 1s preferred that a wall-surface
portion for a hollow portion of the three-dimensional shaped
object 1s formed by the after 1irradiation system. Specifically,
in a case where the three-dimensional shaped object 100 to
be manufactured has a hollow portion 150 (see FIG. 9), 1t 1s
preferred that a wall solidified portion made of the solidified
layers 1s formed by the after irradiation system, the wall
solidified portion corresponding to a wall for forming the
hollow portion 150 of the three-dimensional shaped object
100. See FIGS. 10A to 10E. The hollow portion 150 can be
used as a temperature-control medium path when the three-
dimensional shaped object 100 1s used as the metal mold. In
this regard, the after irradiation system having the higher
accuracy of shape/form 1s more suited for the desired shape
of the temperature-control medium path.

As for the embodiment of FIGS. 10A to 10F, the after

irradiation system 1s performed not only for the formation of

the wall solidified portion 170 composed of the solidified
layers 1s formed by the after irradiation system, the wall
solidified portion corresponding to a wall for the hollow
portion 150 of the three-dimensional shaped object 100, but
also for the formation of other solidified portions. Specifi-
cally, the solidified portions corresponding to the side sur-
face portion 110A and the top surface portion 110B are
tformed by the after irradiation system (see FIGS. 10B and
10E), and also a bottom solidified portion corresponding to
a bottom portion 160 of the three-dimensional shaped object
1s formed by the after 1rradiation system (see FIG. 10A).
While on the other hand, the solidified portions other than
that of the side surface portion 110A, the top surface portion
110B and the bottom portion 160 are formed by the simul-
taneous irradiation system. As for the embodiment of FIGS.
10A to 10E, the internal portion corresponding to the inside
of the side surface portion 110A and wall solidified portion
170 1s formed by the simultaneous irradiation system. More
specifically, the residual powder 194 1s removed by sucking

the welding material 66 and the irradiation of light beam “L”
are substantially concurrently performed with each other to
form the solidified portion 120 as shown in FIG. 10D.
Instead of using the welding material 66, the powder 64 can
be used to be sprayed by the powder supply nozzle 65.

thereol as shown 1n FIG. 10C, and thereaiter the supply of
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As such, even when the three-dimensional shaped object
100 to be manufactured has the hollow portion 150, the
present invention according to the embodiment of FIGS.
10A to 10E makes 1t possible to produce the shaped object
with a higher accuracy of the shape/form and 1n the shorter
time.

It should be noted that the present invention as described
above includes the following aspects:
First aspect: A method for manufacturing a three-dimen-
sional shaped object by a successive formation of a plurality
of solidified layers through a light beam irradiation,

wherein the solidified layers are provided by a hybrid of
combined systems of an after irradiation system and a
simultaneous 1rradiation system, the after irradiation system
being such that the light beam 1rradiation 1s performed after
a formation of a powder layer, the simultaneous 1rradiation
system being such that the light beam 1rradiation 1s per-
formed while a raw material 1s supplied.
Second aspect: The method according to the First aspect,
wherein a thickness of the solidified layer to be formed by
the simultaneous 1rradiation system 1s larger than that of the
after irradiation system.
Third aspect: The method according to the First or second
aspect, wherein a spot diameter of the light beam 1rradiation
in the simultaneous irradiation system 1s larger than that of
the after irradiation system.
Fourth aspect: The method according to any one of the First
to third aspects, wherein the after irradiation system 1s
performed for a formation of a peripheral solidified portion
corresponding to a periphery of the three-dimensional
shaped object, whereas the simultaneous 1rradiation system
1s performed for a formation of an internal solidified portion
corresponding to an iternal region of the three-dimensional
shaped object, the internal region being located inside the
periphery.
Fifth aspect: The method according to the Fourth aspect,
wherein the periphery 1s at least one of a side surface portion
and a top surface portion of the three-dimensional shaped
object.
Sixth aspect: The method according to any one of the First
to Fifth aspects, wherein a powder or a welding matenal 1s
used as a raw material for the simultaneous irradiation
system.
Seventh aspect: The method according to the Sixth aspect,
wherein the powder 1s sprayed onto a focused light beam of
the 1rradiation, or

the welding material 1s supplied to reach the focused light
beam.
Eighth aspect: The method according to the Sixth or Seventh
aspect, wherein a metal wire 1s used as the welding matenal.
Ninth aspect: The method according to the Fifth aspect,
wherein the after irradiation system for the formation of the
peripheral solidified portion corresponding to the side sur-
face portion 1s performed prior to the performance of the
simultaneous wrradiation system for the formation of the
internal solidified portion.
Tenth aspect: The method according to the Ninth aspect,
wherein a residual powder of the powder layer, which 1s left
due to no use for the formation of the peripheral solidified
portion corresponding to the side surface portion, 1s sucked
to be removed at a point 1n time aiter the performance of the
alter wrradiation system for the formation of the peripheral
solidified portion corresponding to the side surface portion,
and also before the performance of the simultaneous irra-
diation system for the formation of the internal solidified
portion.
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Eleventh aspect: The method according to any one of the
First to Tenth aspects, wherein, 1n a case where the three-
dimensional shaped object to be manufactured has a hollow
portion, a wall solidified portion made of the solidified layer
1s formed by the after irradiation system, the wall solidified
portion corresponding to a wall for the hollow portion of the
three-dimensional shaped object.

Twellth aspect: The method according to any one of the First
to Eleventh aspects, wherein the powder layer for the after
irradiation system and the raw material for the simultaneous
irradiation system are diflerent from each other in terms of
kind of material.

Thirteenth aspect: The method according to the Ninth
aspect, wherein the after irradiation system 1s performed
such that a surface of the peripheral solidified portion
corresponding to the side surface portion has a stepped form,
the surface corresponding to an interface between the inter-
nal solidified portion and the peripheral solidified portion
corresponding to the side surface portion.

INDUSTRIAL APPLICABILITY

The method for manufacturing a three-dimensional
shaped object according to present mvention can produce
various kinds of objects. For example 1n a case where the
powder layer 1s a metal powder layer (inorganic powder
layer) and thus the solidified layer corresponds to a sintered
layer, the produced three-dimensional shaped object can be
used as a metal mold for a plastic injection molding, a press
molding, a die casting, a casting or a forging. While on the
other hand 1n a case where powder layer 1s a resin powder
layer (organic powder layer) and thus the solidified layer
corresponds to a cured layer, the produced three-dimen-
sional shaped object can be used as a resin molded article.

CROSS REFERENCE TO RELATED PATENT
APPLICATION

The present application claims the right of prionty of
Japanese Patent Application No. 2015-152061 (filed on Jul.

31, 2015, the title of the invention: “METHOD FOR
MANUFACTURING THREE-DIMENSIONAL SHAPED
OBIJECT”), the disclosure of which 1s all incorporated
herein by reference.

Although some embodiments of the present invention
have been hereinbetore described, such embodiments are
only for illustrative purpose showing typical examples, and
thus the present invention i1s not limited to these embodi-
ments. It will be readily appreciated by those skilled in the
art that various modifications are possible without departing
from the scope of the mvention.

L1

EXPLANATION OF REFERENCE NUMERALS

22 Powder layer

24 Solidified layer

50 After 1irradiation system

60 Simultaneous 1rradiation system

64 Powder used 1n simultaneous 1rradiation system

66 Welding material used 1n simultaneous 1rradiation system

100 Three-dimensional shaped object

110 Penipheral solidified portion corresponding to periphery
of three-dimensional shaped object

110A Side surface portion of three-dimensional shaped
object

110B Top surface portion of three-dimensional shaped
object
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10

15

20

25

30

35

40

45

50

55

60

65
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120 Internal solidified portion corresponding to portion
other than periphery of three-dimensional shaped object

150 Hollow portion

170 Wall solidified portion for hollow portion

L. Light beam

The mvention claimed 1s:

1. A method for manufacturing a three-dimensional
shaped object by a successive formation of a plurality of
solidified layers through light beam 1rradiation, the method
comprising;

forming the solidified layers by a hybrid of combined

systems that includes an after-irradiation system and a
simultaneous-irradiation system,

performing light beam 1rradiation by the after-irradiation

system after a formation of a powder layer, and
performing light beam irradiation by the simultaneous-
irradiation system while a raw material 1s supplied,

the after-irradiation system being operated to form a

peripheral solidified portion corresponding to a periph-
ery of the three-dimensional shaped object, and

the simultaneous-irradiation system being operated to

form an internal solidified portion corresponding to an
internal region of the three-dimensional shaped object
located inside the periphery of the three-dimensional
shaped object.

2. The method according to claim 1, wherein a thickness
of one of the plurality of solidified layers formed by the
simultaneous-irradiation system 1s larger than a thickness of
another of the plurality of solidified layers formed by the
alter-irradiation system.

3. The method according to claim 1, wherein a spot
diameter of the light beam 1irradiation performed by the
simultaneous-irradiation system 1s larger than a spot diam-
cter of the light beam 1rradiation performed by the after-
irradiation system.

4. The method according to claim 1, wherein the periph-
ery 1s at least one of a side surface portion and a top surface
portion of the three-dimensional shaped object.

5. The method according to claim 1, wherein a powder or
a welding maternial 1s used as the raw material for the
simultaneous-irradiation system.

6. The method according to claim 5, wherein the powder
1s sprayed onto a focused light beam of the irradiation, or

the welding material 1s suppled to reach the focused light

beam.

7. The method according to claim 5, wherein a metal wire
1s used as the welding material.

8. The method according to claim 4, wherein the after-
irradiation system 1s operated to form the peripheral solidi-
fied portion before the simultaneous-irradiation system 1s
operated to form the internal solidified portion.

9. The method according to claim 8, wherein a residual
powder of the powder layer, which has not been used to form
the peripheral solidified portion, 1s removed by suction at a
point 1n time after the operation of the after-irradiation
system to form the peripheral solidified portion correspond-
ing to the side surface portion and before the operation of the
simultaneous-irradiation system to form the internal solidi-
fied portion.

10. The method according to claim 1, wherein, 1n a case
where the three-dimensional shaped object to be manufac-
tured has a hollow portion, a wall solidified portion made of
one ol the plurality of solidified layers i1s formed by the
alter-irradiation system, wherein the wall solidified portion
corresponds to a wall for the hollow portion of the three-
dimensional shaped object.
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11. The method according to claim 1, wherein the powder
layer for the after-irradiation system and the raw material for
the stimultaneous-1rradiation system are different from each
other 1n terms of kind of matenal.

12. The method according to claim 8, wherein the after- 5
irradiation system 1s operated such that a surface of the
peripheral solidified portion corresponding to the side sur-
face portion has a stepped form, wherein the surface of the
peripheral solidified portion corresponds to an interface
between the internal solidified portion and the peripheral 10
solidified portion corresponding to the side surface portion.
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